Cell Operation in Nitella. I. Cell Amputation and Effusion o f the Endoplasm
By Noburo KAMIYA and Kiyoko KURODA Department of Biology, Faculty of Science, Osaka University (Comm. by Y. KUWADA, M.J.A., March 1. 2, 1957) We have tried in the internodal cell of Nitella flexilis several operations involving amputation and strangulation (Kamiya and Kuroda, 1955) , operations which may be of use for attacking various problems in cell physiology.
The purpose of the present series of work is to introduce briefly some of the techniques developed by us and the results obtained by them.
Amputation of the internodal cell of Characeae has been conducted for various purposes by a number of workers who observed the behaviour or fate of the protoplasm effusing from the cell opening. Thus the formation of the surface precipitation membrane (Linsbauer, 1929 (Linsbauer, , 1933 Jost, 1929; Strugger, 1929; Umrath, 1935) , the behaviour of the nuclei (Strugger,1929) , various kinds of motion (Stalberg,1927; Valkanov, 1934; Yotsuyanagi, 1953a, b; Jarosch, 1956) , etc. have been studied in isolated pieces of protoplasm.
The object of observation of all of these authors was the protoplasm taken out of the cell. Amputation may be used, however, also for the purpose of studying the fate and behaviour of the amputated cell.
Generally, when an internodal cell of Nitella is cut into two pieces, they are crushed by losing the intracellular hydrostatic pressure which has maintained the turgidity of the cell. Obviously, amputation is fatal for the cell in this case. But it was proved by the present experiment that amputation in itself is not so fatal for the Nitella cell as expected if only we can prevent the cell by a suitable means from collapsing mechanically.
We shall first describe how the cell and protoplasm behave under the conditions we set up.
In order to protect the cell from collapsing as a result of amputation, a special glass chamber was provided.
This chamber, 55 mm in length and 12 mm in width, has a long and narrow opening on one side. This opening is to be closed with a piece of flat glass cover after an internodal cell is placed across the glass wall of the chamber through a narrow groove in such a manner that a greater part of the cell is inside and only a small portion of its lower end is left outside the chamber A ` Fig. 1 ;. Once the glass cover is fitted on with a small amount of petroleum jelly, there is no passage left for water between [Vol. 33,  the inside and the outside of the chamber except through the cell. The portion of the cell sticking out of the chamber A is submerged in a solution in cuvette B as shown in Fig. 1 .
While applying weak negative hydrostatic pressure amounting to about 2 cm of mercury inside the chamber, amputation was conducted with sharp scissors at the portion of the cell which was submerged in a solution in vessel L but left outside the chamber A. In virtue of the negative hydrostatic pressure in A the cel] is protected from shrinkage even when it is cut outside the chamber and left open. For the medium both in chamber A and vessel B we usec either 0.14 M KN03 or a mixed solution consist ing of 0.08 M KN03, 0.05 M NaCI, and 0.0041M Ca(N03)2. No transcellular osmosis takes plac( under this condition (Kamiya and Tazawa,1956) Furthermore, these solutions being only slightl3 hypotonic to the sap of the cell we used, then occurs no significant endosmosis through the cel membrane even when the cell is cut and open at one end.
It is rather surprising that the protoplasm in the part of the cell that is placed in the chamber shows no discernible ill effect when the lower end of the cell is open to the outside. When seen through the horizontal microscope which is made to travel in vertical direction together with a condenser, it is noted that the endoplasm in the region of the cell inside the pressure chamber continues to flow as though it were not aware of this seemingly drastic operation.
It flows along the cortical gel layer with the same rate as that before amputation. When the endoplasm reaches the orifice of the cell, it comes out gradually and smoothly into the artificial medium in vessel B in the form of a continuous thread (Fig. 2) . The effusion of protoplasm occurs only on one side of the opening to which the downward streaming comes across. The thread of endoplasm coming out of the cell does not disperse into the The effusion lasts 20-40 minutes without interruption, the duration depending upon the size of the cell. This duration approximately corresponds to that of the time required for the endoplasm, which had passed beyond the region just before amputation was performed there, to reach the opposite side of the same opening after travelling all the way around the inside of the cell. When the supply of endoplasm becomes scanty, the continuous thread of protoplasm coming out of the cell becomes intermittent, but the effusion of the endoplasm still continues for some time by repeatedly forming a pendant drop until the endoplasm is nearly exhausted.
A series of pictures shown in Fig. 3 a -e shows successively how a pendant drop of endoplasm is formed, becomes larger and changes its shape until eventually it falls onto the bottom where it forms a sessile drop.
As for the cortical gel in the cell in which most of the chloroplasts are imbedded, it remains intact showing no indication of injury whatsoever.
This fact gives us a ground to assume that the protoplasm coming out of the cell is no other than the endoplasm which has been taking part in the protoplasmic streaming when it was in the cell (cf. Kamiya and Kuroda, 1956) . The profiles of these endoplasmic drops when sunk at the bottom of the vessel are exactly comparable to those of mercury drops of various sizes.
Naked protoplasm thus isolated from Nitella cell seems to suffer least injury among the protoplasmic drops so far obtained by the previous authors, but it is different in that the former consists utterly of the endoplasm alone while the latter involves to a more or lesser extent the cortical gel which was exfoliated by mechanical injury. The endoplasmic drop obtained by us can survive usually for 10 -50 hours in an artificial medium consisting of 0.08 M KN03, 0.05 M NaCI, and 0.004 M Ca(N03)2, which is similar in its ionic constitution to the natural cell sap. The criterion of life in this case was the autonomous rotation of chloroplasts or nuclei included in the drop.
In a series of papers to be followed we should like to report the behaviour and properties of the naked protoplasm thus obtained as well as the fate and bearing of the amputated cell under various conditions.
